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(54)  A  liquid  metering  and  coating  device. 

(57)  A  liquid  metering  and  coating  device  made  of 
a  liquid  permeation  control  material  (6,  16) 
including  porous  polytetrafluoroethylene, 
adhered  to  a  porous  support  material  (4,  14)  of 
open-celled  foam.  The  porous  support  (4,  14) 
and  permeation  control  material  (6,  16)  contain 
mixtures  of  silicone  oil  and  silicone  rubber 
which  bond  to  the  porous  support  material  (6, 
16)  and  form  an  interconnected  network  of 
silicone  rubber  throughout  the  device.  The  de- 
vice  is  suitable  for  use  as  a  part  of  a  toner 
fixation  mechanism  in  a  plain  paper  copying 
machine. 
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The  present  invention  relates  to  materials  and  de- 
vices  for  coating  controlled  amounts  of  liquids  on  to 
rolls  or  other  surfaces,  more  particularly  to  devices 
for  coating  release  liquids  on  the  surface  of  rolls  in  to- 
ner  fixation  assemblies  of  plain  paper  copying  ma- 
chines. 

In  plain-paper  (PPC)  copying  machine  toner  im- 
ages  applied  to  the  surface  of  paper  or  other  record- 
ing  medium  are  fixated  by  application  of  heat  and 
pressure.  In  certain  PPC  copying  machines  fixation  is 
accomplished  by  passing  the  image-bearing  record- 
ing  medium  between  a  hot  thermal-fixation  roll  and  a 
pressure  roll.  When  this  type  of  thermal-fixation  de- 
vice  is  used  the  toner  material  is  directly  contacted  by 
a  roll  surface  and  a  portion  of  the  toner  adheres  to  the 
roll  surface.  With  subsequent  rotation  of  the  roll  the 
adhered  toner  material  may  be  redeposited  on  the  re- 
cording  medium  resulting  in  undesirable  offset  im- 
ages,  stains,  or  smears;  or,  in  severe  cases,  the  re- 
cording  medium  may  stick  to  the  adhered  toner  ma- 
terial  on  the  roll  and  become  wrapped  around  the  roll. 

To  counter  these  problems  materials  having  good 
release  properties  such  as  silicone  rubber  of  polyte- 
trafluoroethylene  are  often  used  for  the  roll  surfaces. 
Although  improving  performance  of  the  thermal  fixa- 
tion  device,  use  of  silicone  rubber  or  polytetrafluoro- 
ethylene  roll  surfaces  alone  do  not  eliminate  the  prob- 
lems.  Another  approach  used  to  counter  the  problems 
is  to  include  release  agents  with  the  toner  materials 
to  prevent  them  from  adhering  to  the  roll  surface. 
These  oilless  toners  also  improve  performance  of  the 
thermal-fixation  devices  but  again,  particularly  in  the 
case  of  high-speed  type  copying  machines,  do  not 
completely  eliminate  the  problems  associated  with  to- 
ner  pickup  and  transfer. 

Toner  pickup  by  the  rolls  can  be  controlled  by 
coating  the  surface  of  at  least  one  of  the  rolls  of  a  ther- 
mal-fixation  device  with  a  liquid  release  agent,  such 
as  a  silicone  oil.  It  is  important  that  the  release  liquid 
be  applied  uniformly  and  in  precise  quantities  to  the 
surface  of  the  roll.  Too  little  liquid,  or  non-uniform  sur- 
face  coverage,  will  not  prevent  the  toner  from  being 
picked  up  and  redeposited  on  the  roll.  On  the  other 
hand,  excessive  quantities  of  the  release  liquid  may 
cause  silicone  rubber  roll  surfaces  to  swell  and  wrin- 
kle,  thus  producing  copies  of  unacceptable  quality. 
Furthermore,  procedures  intended  to  accommodate 
excess  liquids  by  wiping  or  scraping  them  from  the  roll 
surface  do  not  always  produce  favourable  results 
and,  in  some  cases,  the  efforts  result  in  static  electri- 
city  that  causes  further  problems. 

Devices  to  uniformly  meter  and  coata  release  liq- 
uid  on  copy  machine  roll  surfaces  are  described  in 
Japanese  Laid-Open  Patent  Application  Publication 
No.  62-178992.  These  devices  consist  of  an  oil  per- 
meation  control  layer  adhered  to  a  thick  porous  ma- 
terial  which  serves  as  a  wick  or  reservoirfor  supplying 
oil  to  the  permeation  control  layer.  The  permeation 

control  layer  is  typically  a  porous  polytetraf  luoroethy- 
lene  film  which  has  been  impregnated  with  a  mixture 
of  silicone  oil  and  silicone  rubber  followed  by  a  heat 
treatment  to  crosslink  the  silicone  rubber.  The  thick 

5  porous  material  to  which  the  permeation  control  layer 
is  adhered  is  typically  porous  polytetrafluoroethylene 
tubing  or  felts  of  Nomex  (TM)  fibers,  glass  fibers,  car- 
bon  fibers,  or  polytetrafluoroethylene  fibers. 

The  devices  described  in  Japanese  Laid-Open 
10  Patent  Application  Publication  No.  62-178992  meter 

and  uniformly  coat  roll  surfaces  with  release  liquids  at 
rates  of  0.3  to  1.0  microliters  /  A4  size  paper  copy. 
They  have  been  used  successfully  in  copying  ma- 
chines  and  provide  satisfactory  performance  until  ap- 

is  proximately  80,000  to  180,000  copies  have  been 
made.  At  this  time  usually  due  to  deformation  and  fai  I- 
ure  of  the  thick  porous  material  supporting  the  perme- 
ation  control  layer  or  to  separation  of  the  permeation 
control  layer  from  the  thick  porous  layer,  they  can  no 

20  longer  perform  acceptably  and  must  be  replaced. 
In  U.S.  Patent  No.  5,232,499  to  Kato  et  al.  an  im- 

proved  device  to  meter  and  uniformly  coat  a  surface 
with  a  release  liquid  is  described.  The  device  includes 
a  liquid  permeation  control  layer  adhered  to  a  porous 

25  support,  the  porous  support  also  serving  as  a  reser- 
voir  to  supply  a  release  liquid  to  the  permeation  con- 
trol  layer.  Again,  the  permeation  control  layer  is  typi- 
cally  a  porous  polytetrafluoroethylene  film  which  has 
been  impregnated  with  a  mixture  of  silicone  oil  and 

30  silicone  rubber  followed  by  a  heat  treatment  to  cross- 
link  the  silicone  rubber.  In  this  device,  however,  a  rigid 
open-celled  thermosetting  polymer  foam  is  used  as  a 
support  material,  and  is  filled  with  a  mixture  of  sili- 
cone  oil  and  silicone  rubber  which  can  reinforce  the 

35  thermosetting  polymer  foam  and  provide  oil  to  be 
supplied  to  the  permeation  control  layer.  This  device 
meters  and  uniformly  coats  roll  surfaces  with  release 
liquids  at  rates  of  0.1  to  0.3  microliters/  A4  size  paper 
copy,  and  is  capable  of  long-term  operation  in  the 

40  temperature  range  of  150°C  to  200°C.  They  have 
been  used  successfully  in  copying  machines,  at  an 
operating  temperature  range  of  150°C  to  200°C,  and 
provide  satisfactory  performance  until  more  than 
500,000  copies  have  been  made.  However,  they  lack 

45  the  temperature  resistance  and  durability  required  for 
use  in  high-speed  copiers  having  operating  tempera- 
tures  in  the  range  200°C  to  250°C,  and  maintenance- 
free  expectation  of  700,000  to  1,000,000  copies.  If 
used  at  operating  temperatures  of  200°C  to  250°C 

so  premature  failure  due  to  deformation  of  the  thermo- 
setting  polymer  foam,  or  separation  of  the  permeation 
control  layer  from  the  support  material  occurs,  and 
the  device  must  be  replaced  with  unacceptable  fre- 
quency. 

55  It  is  a  purpose  of  this  invention  to  provide  a  device 
for  metering  and  coating  a  liquid  on  to  a  surface,  for 
example,  to  the  surface  of  toner  image  fixation  rolls 
in  a  plain  paper  copying  machine,  at  an  operating  tem- 
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perature  in  the  range  200°C  to  250°C,  with  exception- 
al  accuracy,  uniformity,  and  durability. 

The  present  invention  is  an  improved  liquid  me- 
tering  and  coating  device  which  can  satisfactorily  per- 
form  the  operation  of  applying  a  release  liquid  to  a 
surface,  for  example,  to  toner  fixation  rolls  of  a  plain 
paper  copying  machine,  at  an  operating  temperature 
in  the  range  200°C  to  250°C  for  a  sufficient  length  of 
time  to  produce  700,000  to  1,000,000  copies. 

According  to  the  present  invention  there  is  provid- 
ed  a  liquid  metering  and  coating  device  comprising: 

a)  a  porous  permeation  control  material  compris- 
ing  porous  polytetrafluoroethylene  adhered  to 
the  outer  surface  of; 
b)  a  porous  open-celled  support  material  of  sili- 
cone  rubber  foam  containing  in  its  pores; 
c)  a  first  mixture  of  silicone  oil  and  crosslinked 
silicone  rubber; 

wherein  portions  of  said  crosslinked  silicone 
rubber  of  said  first  mixture  are  bonded  to  the  surface 
of  said  silicone  rubber  support  material. 

The  pores  of  the  porous  polytetrafluoroethylene 
permeation  control  material  may  contain  silicone  rub- 
ber,  or  a  second  mixture  of  silicone  oil  and  silicone 
rubber,  a  portion  of  said  silicone  rubber  in  the  perme- 
ation  control  material  being  bonded  to  a  portion  of  the 
silicone  rubber  of  the  first  mixture  contained  in  the  sil- 
icone  rubber  support  material.  The  ration  of  silicone 
oil  to  silicone  rubber  in  said  permeation  control  ma- 
terial  is  less  than  the  ratio  of  silicone  oil  to  silicone 
rubber  in  said  support  material. 

According  to  a  further  aspect  of  the  present  in- 
vention,  there  is  provided  a  liquid  metering  and  coat- 
ing  device  comprising: 

a)  a  porous  permeation  control  material  compris- 
ing  porous  polytetrafluoroethylene  adhered  to 
the  surface  of; 
b)  a  porous  open-celled  support  material  of  syn- 
thetic  polymer  material; 

said  support  material  having  the  pores  of  its 
surface  region  penetrated  to  a  depth  of  five  percent 
or  more  of  the  thickness  of  said  support  material  with 
a  reinforcing  material  comprising  silicone  rubber,  and 
said  support  material  containing  in  its  pores  a  first 
mixture  of  silicone  oil  and  silicone  rubber; 

wherein  portions  of  said  silicone  rubber  of  said 
mixture  of  silicone  oil  and  silicone  rubber  are  bonded 
to  portions  of  said  silicone  rubber  of  said  reinforcing 
material  of  said  support  material. 

The  pores  of  the  porous  polytetrafluoroethylene 
permeation  control  material  may  contain  silicone  rub- 
ber,  or  a  second  mixture  of  silicone  oil  and  silicone 
rubber,  a  portion  of  said  silicone  rubber  contained  in 
the  pores  of  said  permeation  control  material  being 
bonded  to  a  portion  of  the  silicone  rubber  of  the  rein- 
forcing  material.  The  ratio  of  silicone  oil  to  silicone 
rubber  in  said  permeation  control  material  is  less  than 
the  ration  of  silicone  oil  to  silicone  rubber  contained 

in  said  support  material. 
According  to  yet  another  aspect  of  the  present  in- 

vention  there  is  provided  a  liquid  metering  and  coat- 
ing  device  comprising: 

5  a)  a  porous  permeation  control  material  compris- 
ing  porous  polytetrafluoroethylene  adhered  to 
the  surface  of; 
b)  a  porous  open-celled  support  material  of  syn- 
thetic  polymer  material; 

10  said  support  material  having  the  pores  of  its 
surface  region  penetrated  to  a  depth  of  five  percent 
or  more  of  the  thickness  of  said  support  material  with 
a  reinforcing  material  of  a  first  mixture  of  the  silicone 
oil  and  silicone  rubber,  and 

15  said  support  material  containing  in  its  pores  a 
second  mixture  of  silicone  oil  and  silicone  rubber, 

wherein  portions  of  said  silicone  rubber  of  said 
second  mixture  of  silicone  oil  and  silicone  rubber  are 
bonded  to  portions  of  said  silicone  rubber  of  said  re- 

20  inforcing  material  of  said  support  material. 
The  pores  of  the  porous  polytetrafluoroethylene 

permeation  control  material  may  contain  silicone  rub- 
ber,  or  a  third  mixture  of  silicon  oil  and  silicone  rub- 
ber;  a  portion  of  said  silicone  rubber  contained  in  the 

25  pores  of  said  permeation  control  material  being  bond- 
ed  to  a  portion  of  the  silicone  rubber  of  the  reinforcing 
material.  The  ratio  of  silicone  oil  to  silicone  rubber  in 
said  permeation  control  material  is  preferably  less 
than  the  ratio  of  silicone  oil  to  silicone  rubber  in  said 

30  reinforcing  material  and  preferably  the  ratio  of  sili- 
cone  oil  to  silicone  rubber  in  said  reinforcing  material 
is  less  than  the  silicone  oil  to  silicone  rubber  ratio  in 
the  oil  supply  reservoir  material  contained  in  the 
pores  of  said  support  material. 

35  Thus,  the  embodiments  of  the  invention  are  char- 
acterized  in  that  a  portion  of  the  silicone  rubber  net- 
work  of  any  region  is  bonded  to  a  portion  of  the  sili- 
cone  rubber  network  in  the  adjoining  region  so  that  an 
interconnected  network  of  silicone  rubber  is  continu- 

40  ous  throughout  the  device.  Furthermore,  the  ratio  of 
silicone  oil  to  silicone  rubber  in  the  mixtures  con- 
tained  in  the  pores  of  the  device  are  adjusted  so  that 
through  the  device,  in  a  direction  away  from  the  outer 
surface  of  the  permeation  control  material,  increasing 

45  amounts  of  silicone  oil  are  present,  such  thatsilicone 
oil  contained  in  the  support  material  is  supplied  to  the 
permeation  control  layer,  and  thence  through  the  per- 
meation  control  layer  to  a  contacting  surface. 

Embodiments  of  the  present  invention  will  now 
so  be  described,  by  way  of  example,  with  reference  to 

the  accompanying  drawings  in  which:- 
Figure  1  is  a  cross-sectional  view  of  an  embodi- 
ment  of  the  invention  in  the  form  of  a  wicking  de- 
vice; 

55  Figures  2A  and  2B  are  side  and  front  schematic 
views  of  a  toner  fixation  mechanism  of  a  PPC 
copying  machine  incorporating  the  embodiment 
of  Figure  1  ; 
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Figure  3  is  a  cross-sectional  view  of  an  embodi- 
ment  of  the  invention  in  the  form  of  a  roll; 
Figure  4  is  a  cross-sectional  view  of  another  em- 
bodiment  of  the  invention  in  the  form  of  a  roll; 
Figures  5A  and  5B  are  side  and  front  schematic 
views  of  a  toner  fixation  mechanism  of  a  PPC 
copying  machine  incorporating  the  embodiment 
of  Figure  3  or  Figure  4. 
Showing  in  Figure  1  is  a  liquid  metering  and  coat- 

ing  device  of  the  invention  in  the  form  of  a  wicking  de- 
vice  and,  in  Figures  2A  and  2B,  the  device  is  shown 
schematically  as  part  of  a  toner  fixation  assembly  9 
of  a  PPC  copying  machine.  The  wicking  embodiment 
shown  in  Figure  1  comprises  a  porous  permeation 
control  material  6  comprising  porous  polytetrafluoro- 
ethylene  material  adhered  to  a  porous  open-celled 
support  material  4  of  silicone  rubber  foam  by  a  porous 
layer  of  adhesive  7.  Contained  in  the  pores  of  the  sup- 
port  material  4  is  a  mixture  of  silicone  oil  and  silicone 
rubber  11.  Thus,  support  material  4  also  serves  as  a 
reservoir  from  which  the  silicone  oil  of  the  mixture  of 
silicone  oil  and  silicone  rubber  11  is  supplied  to  the 
permeation  control  material  6.  Additionally,  as  seen  in 
Figure  2A,  the  support  material  4  serves  as  a  wick 
along  which  silicone  oil  is  drawn  by  capillary  action 
from  a  source  10  to  replenish  the  oil  coated  on  a  sur- 
face  by  the  permeation  control  material  6.  Referring 
to  Figures  2A  and  2B,  the  device  of  the  invention  is 
held  in  place  by  a  support  5  and  pressed  with  press 
plate  8  so  that  the  oi  I  permeation  control  material  con- 
tacts,  and  coats  with  silicone  oil  release  liquid,  the 
surface  of  the  heatf  ixing  roll  1  of  the  tonerf  ixation  as- 
sembly  9.  Paper  3,  printed  with  toner  images,  is 
passed  through  the  nip  formed  by  the  heat  fixing  roll 
1  and  pressure  roll  2  of  the  toner  fixation  assembly, 
and  the  toner  images  fixed  in  place. 

The  porous  support  material  4  is  an  open-celled 
foam  of  silicone  rubber.  The  silicone  rubber  can  be  a 
room  temperature  vulcanizing  (RTV)  type,  low  tem- 
perature  vulcanizing  (LTV)  type,  high  temperature 
vulcanizing  (HTV)  type,  or  ultra-violet  radiation  curing 
type.  The  open-celled  foam  of  silicone  rubber  should 
have  a  pore  volume  of  at  least  40  percent,  preferably 
in  the  range  60  to  99.9  percent.  Open-celled  foams 
with  pore  volumes  less  than  40  percent  have  inade- 
quate  liquid  holding  capacity  and  may  have  struc- 
tures  that  restrict  liquid  movement  through  them. 
Open-celled  foams  with  pore  volumes  greater  than 
99.9  percent  have  such  an  open,  weak  structure  that, 
even  when  reinforced,  durability  is  too  difficult  to  ob- 
tain.  Surface  hardness  of  the  foam  should  be  70  de- 
grees  or  less,  preferably  50  degrees  or  less,  as  meas- 
ured  by  Japan  Rubber  Association  Standard  SRIS- 
0101.  Furthermore,  the  open-celled  silicone  rubber 
foam  must  be  chemically  compatible  with  and  wetta- 
ble  by  the  liquids  of  use,  and  must  have  sufficient 
strength  and  heat  resistance  for  operation  in  the  tem- 
perature  range  200°C  to  250°C. 

The  liquid  permeation  control  material  6  is  pre- 
pared  by  adhering  a  porous  polytetrafluoroethylene 
material  to  the  surface  of  the  porous  support  material 
4  using  a  porous  layer  7  of  adhesive  material.  Porous 

5  polytetrafluoroethylene  membranes  suitable  for  use 
in  the  invention  can  be  made  by  processes  known  in 
the  art,  for  example,  by  papermaking  processes,  or  by 
processes  in  which  filler  materials  are  incorporated 
with  the  PTFE  resin  and  which  are  subsequently  re- 

10  moved  to  leave  a  porous  structure.  Preferably  the 
porous  polytetrafluoroethylene  membrane  is  porous 
expanded  polytetrafluoroethylene  membrane  having 
a  structure  of  interconnected  nodes  and  fibrils,  as  de- 
scribed  in  U.S.  Patent  Nos.  3,953,566,  3,962,153, 

15  4,096,227,  a  4,187,390  which  fully  describe  the  pre- 
ferred  material  and  processes  for  making  them.  Most 
preferably,  the  permeation  control  material  6  is  por- 
ous  expanded  polytetrafluoroethylene  film  which  is 
impregnated,  and  its  pores  substantially  filled,  with  a 

20  mixture  of  silicone  oil  and  silicone  rubber  as  descri- 
bed  in  Japanese  Laid-Open  Patent  Application  Pub- 
lication  No.  62-178992.  The  porous  polytetrafluoro- 
ethylene  membrane  of  the  permeation  control  mate- 
rial  should  have  a  thickness  in  the  range  1  to  1,000 

25  micrometers,  preferably  in  the  range  5  to  100  micro- 
meters;  a  pore  volume  in  the  range  20  to  98  %,  pre- 
ferably  in  the  range  50  to  90  %;  and  a  nominal  pore 
size  in  the  range  0.05  to  15  micrometers,  preferably 
in  the  range  0.1  to  2  micrometers. 

30  The  adhesive  is  preferably  a  thermoplastic  or 
thermosetting  synthetic  polymer  material,  although 
other  types  of  adhesives  may  be  used  so  long  as  they 
have  the  heat  resistance,  durability,  and  chemical 
compatibility  for  an  intended  end  use.  The  adhesive 

35  can  be  applied  to  form  a  porous  layer  by  conventional 
means,  for  example,  by  spraying,  coating  or  gravure 
printing  methods;  or  by  use  of  a  porous  mesh  or  non- 
woven  web,  and  the  like,  interposed  between  the  ma- 
terials  to  be  joined. 

40  An  oil  supply  reservoir  11  comprising  a  mixture  of 
silicone  oil  and  silicone  rubber  is  then  formed  inter- 
nally  within  the  porous  support  material  4  by  impreg- 
nating  a  mixture  of  silicone  oil  and  crosslinking  sili- 
cone  rubber  into  the  porous  support  material,  after 

45  which  the  silicone  rubber  is  crosslinked,  for  example 
by  heating,  to  form  a  gel.  The  amount  of  silicone  oil 
in  the  mixture  should  be  in  the  range  10  %  to  98  %  by 
weight,  preferably  in  the  range  50  %  to  95  %  by 
weight.  When  the  amount  of  silicone  oil  in  the  mixture 

so  is  less  than  about  10  wt.%  the  mobility  of  the  liquid  is 
limited  and  transfer  of  the  oil  to  the  permeation  con- 
trol  material  6  is  excessively  slow.  When  the  amount 
of  silicone  oil  in  the  mixture  exceeds  98  wt.%  there  is 
too  little  gel  formed  by  the  crosslinking  silicone  rub- 

55  ber  and  the  oil  will  leak  from  the  porous  support  ma- 
terial  4. 

The  amount  of  the  silicone  oil  and  silicone  rubber 
mixture  impregnated  into  the  porous  silicone  rubber 

4 
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foam  support  material  4  to  form  the  liquid  supply  re- 
servoir  11  should  be  such  that  30  %  to  90  %,  prefer- 
ably  50  %  to  80  %,  of  the  pore  volume  of  the  silicone 
rubberfoam  is  filled.  When  more  than  90%  of  the  pore 
volume  of  the  support  material  4  is  filled  there  is  in- 
sufficient  remaining  volume  to  accommodate  expan- 
sion  of  the  mixture  if  it  is  heated  to  effect  crosslinking, 
and  leakage  may  occur.  When  less  than  30%  of  the 
pore  volume  of  the  support  material  is  filled  there  is 
insufficient  oil  present  to  provide  an  adequate  oper- 
ating  life  scan  to  the  device. 

The  cross-linking  silicone  rubber  of  the  silicone 
oil  and  silicone  rubber  mixture  of  the  oil  supply  reser- 
voir  11  can  be  of  the  types  listed  above.  The  silicone 
oil  of  the  silicone  oil  and  silicone  rubber  mixture  is 
preferably  dimethyl  silicone  oil,  which  is  favored  for 
use  in  PPC  copiers  for  its  release  and  abrasion  resis- 
tant  properties.  Likewise,  when  the  oil  permeation 
control  material  6  comprises  porous  polytetrafluoro- 
ethylene  membrane  impregnated  with  a  mixture  of 
silicone  oil  and  silicone  rubber  the  same  types  of  sil- 
icone  oil  and  silicone  rubber  can  be  used.  However, 
substantially  all  of  the  pore  volume  of  the  permeation 
control  material  6  should  be  filled  with  the  mixture, 
and  the  silicone  oil  content  of  the  mixture  in  the  per- 
meation  control  material  6  must  be  less  than  the  sili- 
cone  oil  content  of  the  silicone  oil  and  silicone  rubber 
mixture  contained  in  the  porous  support  material  4. 

The  liquid  metering  and  coating  device  formed  as 
described  above  can  be  used  as  depicted  or,  alterna- 
tively,  the  materials  can  be  combined  to  form  a  com- 
posite  sheet  in  which  the  permeation  control  layer  6 
is  extended  to  fully  cover  one  surface  of  the  support 
material  4  and  the  ends  of  the  composite  sheet  joined, 
for  example,  to  form  a  belt.  In  a  further  configuration, 
the  materials  can  be  combined  to  provide  a  liquid  me- 
tering  and  control  device  in  the  form  of  a  roll,  as 
shown  in  Figure  3  and  described  hereinbelow. 

Figure  3  shows  an  embodiment  of  the  invention 
in  the  form  of  a  roll.  The  liquid  metering  and  coating 
roll  19  is  prepared  by  first  axially  mounting  a  tubular 
porous  support  material  14  of  open-celled  silicone 
rubberfoam  on  a  metal  shaft  15.  The  open-celled  sil- 
icone  rubber  foam  can  be  of  the  same  types  of  sili- 
cone  rubber  used  in  the  embodiment  described  here- 
inabove,  and  should  also  have  a  pore  volume  of  at 
least  40%,  preferably  in  the  range  60%  to  99.9%. 

A  liquid  permeation  control  material  16  is  pre- 
pared  by  wrapping  a  porous  polytetrafluoroethylene 
membrane  around  and  adhering  it  to  the  surface  of 
the  tubular  porous  support  material  14  using  a  porous 
layer  of  adhesive  17.  The  polytetrafluoroethylene  ma- 
terial  and  adhesive  material  are  as  described  earlier, 
and  are  also  disclosed  in  U.S.  Patent  No.  5,232,499 
to  Kato,  et  al.  Preferably,  the  porous  polytetrafluoro- 
ethylene  membrane  is  substantially  filled  with  a  mix- 
ture  of  silicone  oil  and  silicone  rubber  as  described 
above. 

An  oil  supply  reservoir  21  is  then  formed  internal- 
ly  within  the  porous  support  14  by  introducing  a  mix- 
ture  of  silicone  oil  and  silicone  rubber  into  the  end  of 
the  porous  support  14  and  spinning  the  support  about 

5  its  axis,  thus  using  centrifugal  force  to  direct  the  mix- 
ture  outwardly  within  the  support  to  a  region  contig- 
uous  with  the  permeation  control  material  18  and 
leaving  a  region  30  of  the  porous  support  14  unfilled 
by  the  mixture,  as  taught  in  U.S.  Patent  No. 

10  5,232,499.  Gelation  of  the  mixture  forming  the  oil 
supply  layer  is  then  affected  by  crosslinking  the  sili- 
cone  rubber.  As  with  the  embodiment  described  ear- 
lier,  the  amount  of  silicone  oil  in  the  mixture  should  be 
in  the  range  10  wt.%  to  98  wt.%,  preferably  in  the 

15  range  50  wt.%  to  95  wt.%.  When  the  amount  of  sili- 
cone  oil  in  the  mixture  is  less  than  about  10  wt.%  the 
mobility  of  the  liquids  is  limited  and  transfer  of  the  oil 
to  the  permeation  control  material  16  is  excessively 
slow.  When  the  amount  of  silicone  oil  in  the  mixture 

20  exceeds  98  wt.%  there  is  too  little  gel  formed  by  the 
cross-linking  silicone  rubberand  the  oil  will  leakfrom 
the  porous  support  material  14.  Also  as  above,  and  for 
the  same  reasons,  the  amount  of  the  silicone  oil  and 
silicone  rubber  mixture  impregnated  into  the  porous 

25  silicone  rubber  foam  support  material  14  to  form  the 
liquid  supply  reservoir  21  should  be  such  that  30  per- 
cent  to  90  percent,  preferably  50  percent  to  80  per- 
cent,  of  the  pore  volume  of  the  silicone  rubber  foam 
is  filled. 

30  The  cross-linking  silicone  rubber  of  the  silicone 
oil  and  silicone  rubber  mixture  of  the  oil  supply  reser- 
voir  21  can  be  of  the  types  listed  above.  The  silicone 
oil  of  the  silicone  oil  and  silicone  rubber  mixture  is 
preferably  dimethyl  silicone  oil,  which  is  favored  for 

35  use  in  PPC  copiers  for  its  release  and  abrasion  resis- 
tant  properties.  Likewise,  when  the  oil  permeation 
control  material  16  comprises  porous  polytetrafluoro- 
ethylene  membrane  impregnated  with  a  mixture  of 
silicone  oil  and  silicone  rubber  the  same  types  of  sil- 

40  icone  oil  and  silicone  rubber  can  be  used.  However, 
as  with  the  embodiment  described  above,  substan- 
tially  all  of  the  pore  volume  of  the  permeation  control 
material  16  should  be  filled  with  the  mixture,  and  the 
silicone  oil  content  of  the  mixture  in  the  permeation 

45  control  material  16  must  be  less  than  the  silicone  oil 
content  of  the  silicone  oil  and  silicone  rubber  mixture 
contained  in  the  porous  support  material  14. 

The  embodiments  of  the  invention  described 
hereinabove  are  characterized  in  that  all  incorporate 

so  in  their  construction  high  temperature  resistant  sili- 
cone  oil  and  silicone  rubber  that  can  be  used  for  ex- 
tended  periods  of  time  without  deteriorating  at  oper- 
ating  temperatures  in  the  range  200°C  to  250°C.  It 
has  been  found  that  a  portion  of  the  cross-linked  sil- 

55  icone  rubber  network  of  any  region  is  strongly  bonded 
to  a  portion  of  the  cross-linked  silicone  rubber  net- 
work  in  the  adjoining  region,  or  to  the  open-celled  sil- 
icone  rubberfoam  of  the  porous  support  material,  so 

5 
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that  an  interconnected  network  of  silicone  rubber  is 
continuous  throughout  the  device.  The  reason  for  this 
strong  bonding  is  not  definitely  known  as  it  would 
seem  that,  after  cross-linking,  there  should  be  no 
functional  groups  left  in  the  silicone  rubber  for  chem- 
ical  bonding  to  another  previously  cross-linked  sili- 
cone  rubber.  It  may  be  due  to  an  affinity  between 
cross-linked  silicone  rubbers  in  close  proximity.  How- 
ever,  it  is  apparent  from  comparison  of  examples  of 
the  invention  with  the  comparative  example  descri- 
bed  hereinbelow,  thatthe  bonding  between  the  cross- 
linked  silicone  rubbers  used  in  the  invention  is  strong. 

It  has  been  further  determined  that  the  strong 
bonding  mechanism  promotes  use  of  a  porous  rein- 
forcing  region  comprising  silicone  rubber  that 
strengthens  the  porous  support  material  of  silicone 
rubberfoam,  as  well  as  support  material  of  other  syn- 
thetic  polymers,  so  that  porous  support  materials  hav- 
ing  very  high  pore  volumes,  for  example,  greater  than 
90%,  and  thus  higher  liquid  holding  capacity,  can  be 
used.  An  embodiment  of  the  invention  having  a  rein- 
forcing  region  is  shown  in  Figure  4  and  described 
hereinbelow. 

Figure  4  shows  an  embodiment  of  the  invention 
also  in  the  form  of  a  roll.  The  liquid  metering  and  coat- 
ing  roll  19  is  prepared  by  first  axially  mounting  a  non- 
rigid  tubular  porous  support  material  14  on  a  metal 
shaft  15.  The  porous  support  material  should  be  an 
open-celled  foam  or  other  continuous  pore  structure 
having  a  pore  volume  of  at  least  40  wt.%,  preferably 
in  the  range  80  wt.%  to  99.9  wt.%.  As  stated  earlier, 
porous  support  materials  having  pore  volumes  less 
than  40  percent  have  inadequate  liquid  holding  ca- 
pacity  and  may  have  structures  that  restrict  liquid 
movement  through  them.  Materials  with  pore  volumes 
greater  than  99.9  percent  have  such  an  open,  weak 
structure  that,  even  when  reinforced,  durability  is  too 
difficult  to  obtain.  The  porous  support  material  14 
should  have  a  surface  hardness  of  the  foam  70  de- 
grees  or  less,  preferably  50  degrees  or  less,  as  meas- 
ured  by  Japan  Rubber  Association  Standard  SRIS- 
0101.  Furthermore,  the  porous  support  material  must 
be  chemically  compatible  with  and  wettable  by  the  liq- 
uids  of  use,  and  must  have  sufficient  strength  and 
heat  resistance  for  operation  in  the  temperature 
range  200°C  to  250°C.  Suitable  non-rigid  porous  ma- 
terials  are  commercially  available  and,  in  addition  to 
silicone  rubber  as  described  above,  can  be  of  syn- 
thetic  polymers  such  as,  for  example,  polyester  poly- 
urethane,  polyether  polyurethane,  polyvinyl  chloride, 
polyethylene,  polystyrene,  and  the  like.  By  non-rigid 
is  meant  that  the  material  is  not  a  hard,  stiff,  brittle 
material. 

A  porous  reinforcing  region  18  comprising  cross- 
linked  silicone  rubber  is  formed  internally  within  the 
porous  support  material  14  contiguous  to  the  perme- 
ation  control  material  16.  The  reinforcing  18  region 
provides  effective  reinforcement  to  the  device 

through  its  affinity  and  bonding  with  the  crosslinked 
silicone  rubber  comprised  in  the  permeation  control 
material  16,  to  the  porous  support  material  14,  and 
with  the  crosslinked  silicone  rubber  of  the  reservoir 

5  22  contained  in  the  porous  support  material.  The  re- 
inforcing  material  adds  strength  and  elasticity  to  the 
device,  and  improves  compliance  of  the  oil  permea- 
tion  control  material  16  to  the  surface  to  be  coated. 

The  reinforcing  region  18  should  have  a  thick- 
10  ness  of  5%  to  50%,  preferably  10%  to  20%,  of  the 

thickness  of  the  porous  support  material  14.  When 
the  thickness  of  the  reinforcing  region  is  less  than  5% 
of  the  thickness  of  the  support  material  it  is  too  thin 
to  provide  effective  reinforcement.  When  the  thick- 

15  ness  of  the  reinforcing  region  is  greater  than  50%  of 
the  thickness  of  the  support  material  the  resistance  to 
permeation  of  oil  supplied  from  the  oil  supply  reser- 
voir  22  is  excessive.  The  reinforcing  region  18  can  be 
formed  of  silicone  rubber  orfrom  a  mixture  of  silicone 

20  oil  and  silicone  rubber. 
A  reinforcing  region  18  can  be  formed  by  coating 

the  surface  of  the  porous  support  material  14  with  a 
coating  of  silicone  rubber  which  is  then  forced  into  the 
pores  of  the  surface  region  of  the  porous  support  ma- 

25  terial  14  to  a  depth  of  at  least  5%  of  the  thickness  of 
the  support  material.  The  silicone  rubber  coating 
should  be  applied  to  the  surface  of  the  porous  support 
material  14  in  an  amount  in  the  range  50  to  300kg/m3, 
preferably  in  the  range  100  to  200  kg/m3.  The  coating 

30  is  then  forced  into  the  surface  region  of  the  porous 
support  material  14  in  a  manner  such  that  porosity,  ie. 
a  continuous  network  of  interconnected  pores,  is 
maintained  through  the  reinforcing  region  so  that  oil 
supplied  from  the  oil  supply  reservoir  22  can  pass 

35  through  it  to  enter  the  permeation  control  material  1  6. 
Such  a  method  of  coating  a  non-rigid  porous  material 
is  disclosed  in  Japanese  Laid-Open  Patent  Applica- 
tion  Publication  No.  58-17129. 

A  liquid  permeation  control  material  16  is  then 
40  prepared  by  wrapping  a  porous  polytetrafluoroethy- 

lene  membrane  around  and  adhering  it  to  the  surface 
of  the  tubular  porous  support  material  14  using  a  por- 
ous  layer  of  adhesive  17,  in  the  manner  and  with  the 
materials  used  to  prepare  the  roll  described  hereina- 

45  bove. 
When  the  reinforcing  material  region  1  8  is  formed 

by  a  mixture  of  silicone  oil  and  silicone  rubber,  the  liq- 
uid  permeation  control  material  16  is  adhered  to  the 
porous  support  material  14  by  a  porous  layer  of  ad- 

50  hesive  17  prior  to  the  formation  of  the  reinforcing  re- 
gion.  Then,  as  disclosed  in  U.S.  Patent  No. 
5,232,499,  a  reinforcing  region  18  is  formed  internally 
within  the  porous  support  14  continguous  to  the  per- 
meation  control  layer  16  by  introducing  a  mixture  of 

55  silicone  oil  and  silicone  rubber  into  the  end  of  the  por- 
ous  support  14  and  spinning  the  support  about  its 
axis,  thus  using  centrifugal  force  to  direct  the  mixture 
outwardly  within  the  porous  support  to  form  a  region 
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of  uniform  thickness  contiguous  with  the  inside  sur- 
face  of  the  permeation  control  layer  16,  after  which  it 
is  immobilized  by  crosslinking  the  silicone  rubber. 

The  silicone  oil  content  of  the  silicone  oil  and  sil- 
icone  rubber  mixture  forming  the  reinforcing  region  18  5 
should  be  no  more  than  50  wt.  %,  preferably  30  wt.% 
or  less.  When  the  silicone  rubber  content  of  the  mix- 
ture  is  less  than  about  50  wt.  %  the  coating  and  bond- 
ing  effect  to  the  porous  support  material  is  reduced, 
as  is  the  bonding  to  the  cross-linked  silicone  rubber  10 
of  the  adjoining  regions,  and  insufficient  strength, 
heat  resistance,  and  durability  is  developed  to  pro- 
vide  good  reinforcement. 

An  oil  supply  reservoir  22  is  then  formed  internal- 
ly  within  the  porous  support  14  by  introducing  a  mix-  15 
ture  of  silicone  oil  and  silicone  rubber  into  the  end  of 
the  porous  support  material  14  and  spinning  the  sup- 
port  about  its  axis,  thus  using  centrifugal  force  to  di- 
rect  the  mixture  outwardly  within  the  support  material 
to  a  region  contiguous  with  the  permeation  control  20 
material  16  and  leaving  a  region  30  of  the  porous  sup- 
port  14  unfilled  by  the  mixture,  as  taught  in  U.S.  Pa- 
tent  5,232,499.  Gelation  of  the  mixture  forming  the  oil 
supply  layer  is  then  effected  by  crosslinking  the  sili- 
cone  rubber.  As  with  the  embodiment  described  ear-  25 
lier,  the  amount  of  si  I  icone  oil  in  the  mixture  should  be 
in  the  range  10  percent  to  98  percent  by  weight,  pre- 
ferably  in  the  range  50  percent  to  95  percent  by 
weight.  When  the  amount  of  silicone  oil  in  the  mixture 
is  less  than  about  10  wt.%  the  mobility  of  the  liquid  is  30 
limited  and  transfer  of  the  oil  through  the  reinforcing 
region  18  and  into  the  permeation  control  material  16 
is  excessively  slow.  When  the  amount  of  silicone  oil 
in  the  mixture  exceeds  98  wt.  %  there  is  too  little  gel 
formed  by  the  cross-linking  silicone  rubber  and  the  oil  35 
will  leak  from  the  porous  support  material  4. 

The  silicone  oil  and  cross-linking  silicone  rubber 
of  the  silicone  oil  and  silicone  rubber  mixture  of  the 
oil  supply  reservoir  22  are  as  described  above.  Like- 
wise,  when  the  oil  permeation  control  material  16  40 
comprises  porous  polytetrafluoroethylene  membrane 
impregnated  with  a  mixture  of  silicone  oil  and  silicone 
rubberthe  same  types  of  silicone  oil  and  silicone  rub- 
ber  can  be  used.  However,  as  with  the  embodiment 
described  above,  substantially  all  of  the  pore  volume  45 
of  the  permeation  control  material  16  should  be  filled 
with  the  mixture.  When  the  reinforcing  material  is  sil- 
icone  rubber  only  the  silicone  oil  content  of  the  mix- 
ture  in  the  permeation  control  material  16  must  be 
less  than  the  silicone  oil  content  of  the  silicone  oil  and  50 
silicone  rubber  mixture  contained  in  the  porous  sup- 
port  material  14.  When  the  reinforcing  material  region 
18  is  formed  by  a  mixture  of  silicone  oil  and  silicone 
rubberthe  silicone  oil  content  of  the  permeation  con- 
trol  material  16  must  be  less  than  the  silicone  oil  con-  55 
tent  of  the  reinforcing  material  region  18,  and  the  sil- 
icone  oil  content  of  the  reinforcing  region  18  must  be 
less  than  the  silicone  oil  content  of  the  oil  supply  ma- 

terial  22. 
In  Figures  5Aand  5B  the  liquid  metering  and  coat- 

ing  device  19  of  the  invention  is  shown  schematically 
as  part  of  a  toner  image  fixation  mechanism  of  a  PPC 
copying  machine.  The  liquid  metering  and  coating  de- 
vice  19  is  shown  in  contact  with  the  thermal  fixation 
roll  1  against  which  a  recording  medium  3  carrying  an 
unstabilized  toner  image  is  being  forced  by  the  pres- 
sure  roll  2. 

The  liquid  metering  and  coating  devices  descri- 
bed  above  have  high  oil  holding  capacity  for  long  ser- 
vice  life,  good  elasticity  and  recovery  characteristics 
for  compliance  to  surfaces  and  shape  retention,  and 
are  formed  of  materials  in  a  manner  that  permits  op- 
eration  at  temperature  in  the  range  200°C  to  250°C. 
The  following  examples  further  illustrate  embodi- 
ments  of  the  invention. 

Example  1 

A  liquid  metering  and  coating  device  19  as  shown 
in  Figure  3  was  prepared  as  follows: 

An  8  mm  diameter  steel  shaft  1  5  was  inserted  ax- 
ially  into  a  porous  support  material  14  of  open-celled 
silicone  rubberfoam.  The  silicone  rubberfoam  sup- 
port  material  hadanouterdiameterof27mm,an  inner 
diameter  of  8  mm,  surface  hardness  of  28  degrees, 
bulkdensity  of  230  kg/cubic  meter,  and  a  pore  volume 
of  82%. 

A  porous  expanded  polytetrafluoroethylene 
membrane  having  a  thickness  of  about  30  microme- 
ters,  a  nominal  pore  size  of  0.5  micrometers,  and  a 
pore  volume  of  about  80%,  was  gravure  printed  on 
one  side  with  a  non-continuous  pattern  of  0.5  mm  di- 
ameter  dots  of  thermoplastic  adhesive  to  form  a  por- 
ous  layer  of  adhesive  17  on  the  membrane.  A  perme- 
ation  control  material  16  was  formed  by  first  wrapping 
a  single  layer  of  the  adhesive  printed  membrane 
around  the  porous  support  material  14  and  thermally 
fusing  it  in  place  by  application  of  heat  and  pressure. 

A  mixture  of  20  wt.  %  silicone  oil  (KF-96,  manu- 
factured  by  Shin-Etsu  Chemical  Co.,  Ltd.  and  used  as 
a  releasing  agent)  and  80  wt.  %  silicone  rubber  (KE- 
106,  manufactured  by  Shin-Etsu  Chemical  Co.,  Ltd.) 
was  prepared.  The  porous  expanded  polytetrafluoro- 
ethylene  film  was  impregnated  with  the  silicone  oil 
and  silicone  rubber  mixture  after  which  the  excess 
mixture  was  removed  from  the  film  surface  and  the 
assembly  heated  at  150°C  for  40  minutes  to  crosslink 
the  silicone  rubber,  thus  completing  formation  of  the 
permeation  control  material  16. 

A  second  mixture  of  the  silicone  oil  and  silicone 
rubber  described  above,  having  a  silicone  oil  content 
of  90  wt.  %  and  silicone  rubber  content  of  10  wt.  %, 
was  poured  into  the  end  of  the  porous  support  body 
14  and,  by  spinning  the  assembly  about  its  axis,  was 
directed  outwardly  through  the  porous  support  body 
to  form  an  oil-supply  reservoir  21  contiguous  with  the 
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permeation  control  material  16  and  leaving  a  section 
30  of  the  porous  support  body  14  unfilled  by  the  mix- 
ture.  The  assembly  was  then  heated  at  150°C  for  80 
minutes  to  crosslink  the  silicone  rubber  and  cause  ge- 
lation  in  the  oil  supply  layer  21  . 

The  liquid  metering  and  coating  device  was  test- 
ed  in  a  plain  paper  copying  machine  in  which  the  sur- 
face  temperature  of  the  heatf  ixing  roll  was  230°C  and 
the  copying  speed  was  80  sheets/minute  of  A4  size 
paper.  Initially,  the  device  applied  oil  at  the  rate  of  0.1 
microliter  /  A4  size  copy.  Oil  application  amounts  of 
0.1  to  0.2  microliters  /  A4  size  copy  were  determined 
from  sequential  measurements  of  increments  of 
20,000  copies  until  1,000,000  copies  were  made.  No 
change  in  the  appearance  or  shape  of  the  device  oc- 
curred.  After  testing  the  device  was  sectioned  and  ex- 
amined  by  microscope,  whereby  it  was  confirmed  that 
portions  of  the  silicone  rubber  of  the  mixtures  had 
bonded,  and  that  portions  of  the  silicone  rubber  of  the 
mixture  contained  in  the  porous  support  material  had 
bonded  to  the  internal  surfaces  of  the  porous  support 
material. 

Example  2 

A  liquid  metering  and  coating  device  19  as  shown 
in  Figure  4  was  prepared  as  follows: 

An  8  mm  diameter  steel  shaft  16  was  inserted  ax- 
ially  into  a  porous  support  material  14  of  open-celled 
polyester  polyurethane  foam.  The  polyester  polyu- 
ethane  foam  support  material  had  an  outer  diameter 
of  27  mm,  an  inner  diameter  of  8  mm,  surface  hard- 
ness  of  less  than  1  degree,  bulk  density  of  30  kg/cubic 
meter,  and  a  pore  volume  of  98%. 

A  reinforcing  region  18  was  prepared  as  follows: 
A  predetermined  amount  of  addition  reaction 

hardening  silicone  rubber  (KE  1300,  manufactured  by 
Shin-Etsu  Chemical  Co.,  Ltd.)  was  poured  on  a  plate 
glass  surface.  The  polyester  polyurethane  foam  sup- 
port  material  14  was  rolled  in  the  liquid  silicone  rubber 
until  it  was  impregnated  into  the  porous  support  ma- 
terial.  The  impregnated  support  material  was  then  re- 
peatedly  rolled  on  a  corrugated  surface  causing  it  to 
flex,  thus  distributing  the  liquid  silicone  rubber  in  the 
pores  of  the  support  material  so  as  to  coat  the  internal 
surfaces  of  the  porous  support  material  and  thereby 
maintaining  internal  porosity  of  interconnected  pores 
through  the  reinforcing  region  18.  The  reinforced  por- 
ous  support  material  hadasurface  hardness  of  ^ d e -  
grees,  bulk  density  of  1  00  kg/cubic  meter,  and  a  pore 
volume  of  90%. 

A  permeation  control  material  16  comprising  a 
porous  polytetrafluoroethylene  membrane  having  a 
thickness  of  about  30  micrometers,  a  nominal  pore 
size  of  0.4  micrometers,  and  a  pore  volume  of  about 
80%  was  prepared  as  described  in  Example  1.  Then, 
an  oil  supply  reservoir  22  was  prepared,  also  as  de- 
scribed  in  Example  1. 

The  liquid  metering  and  coating  device  was  test- 
ed  in  a  plain  paper  copying  machine  in  which  the  sur- 
face  temperature  of  the  heatf  ixing  roll  was  230°C  and 
the  copying  speed  was  80  sheets/minute  of  A4  size 

5  paper.  Initially,  the  device  applied  oil  at  the  rate  of  0.1 
microliter  /  A4  size  copy.  Oil  application  amounts  of 
0.  1  to  0.2  microliters  /  A4  size  copy  were  determined 
from  sequential  measurements  of  increments  of 
20,000  copies  until  1,000,000  copies  were  made.  No 

10  change  in  the  appearance  or  shape  of  the  device  oc- 
curred.  After  testing  the  device  was  sectioned  and  ex- 
amined  by  microscope,  whereby  it  was  confirmed  that 
the  addition  reaction  hardening  silicone  rubber  had 
coated  the  internal  surfaces  of  the  porous  support 

15  material  in  the  reinforcing  region,  and  that  portions  of 
the  silicone  rubber  of  the  silicone  oil  and  silicone  rub- 
ber  mixtures  had  bonded  to  portions  of  the  internal 
surfaces  of  the  reinforcing  material. 

20  Comparative  Example  1 

An  8  mm  diameter  steel  shaft  was  inserted  axially 
into  a  porous  support  material  14  of  open-celled  mel- 
amine  resin.  The  melamine  resin  foam  support  mate- 

25  rial  had  an  outer  diameter  of  27  mm,  an  innerdiameter 
of  8  mm,  surface  hardness  of  10  degrees,  bulk  den- 
sity  of  11  kg/cubic  meter,  and  a  pore  volume  of  99%. 

A  permeation  control  material  and  an  oil  supply 
reservoir  were  prepared  of  the  materials  and  in  the 

30  manner  described  in  Example  1. 
The  comparative  liquid  metering  and  coating  de- 

vice  was  tested  in  a  plain  paper  copying  machine  in 
which  the  surface  temperature  of  the  heat  fixing  roll 
was  230°C  and  the  copying  speed  was  80 

35  sheets/minute  of  A4  size  paper.  Initially,  the  device 
applied  oil  at  the  rate  of  0.1  microliter  /  A4  size  copy. 
However,  the  oil  permeation  control  material  peeled 
after  300,000  copies,  and  then  broke  and  became  un- 
usable.  After  testing  the  device  was  sectioned  and  ex- 

40  amined  by  microscope,  whereby  it  was  observed  that 
slight  voids  existed  between  the  internal  surfaces  of 
the  porous  support  material  and  the  silicone  rubber  of 
the  silicone  oil  and  silicone  rubber  mixture. 

45 
Claims 

1.  A  liquid  metering  and  coating  device  comprising: 
a)  a  porous  permeation  control  material  com- 

50  prising  porous  polytetrafluoroethylene  ad- 
hered  to  the  outer  surface  of; 
b)  a  porous  open-celled  support  material  of 
silicone  rubberfoam  containing  in  its  pores; 
c)  a  first  mixture  of  silicone  oil  and  crosslinked 

55  silicone  rubber; 
wherein  portions  of  said  crosslinked  sili- 

cone  rubber  of  said  first  mixture  are  bonded  to 
the  surface  of  said  silicone  rubber  support  mate- 
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rial. 

2.  A  liquid  metering  and  coating  device  as  claimed 
in  Claim  1  wherein  the  pores  of  the  porous  per- 
meation  control  material  contain  a  second  mix-  5 
ture  of  silicone  oil  and  silicone  rubber, 

said  second  mixture  having  a  silicone  oil 
to  silicone  rubber  ratio  less  than  the  silicone  oil 
to  silicone  rubber  ratio  of  said  first  mixture,  and 

wherein  portions  of  said  silicone  rubber  of  10 
said  second  mixture  are  bonded  to  portions  of 
said  silicone  rubber  of  said  first  mixture. 

3.  A  liquid  metering  and  coating  device  as  claimed 
in  Claim  1  wherein  the  pores  of  the  porous  per-  15 
meation  control  material  contain  silicone  rubber, 

wherein  portions  of  said  silicone  rubber  in 
said  porous  permeation  control  means  are  bond- 
ed  to  portions  of  said  silicone  rubber  in  said  sup- 
port  material.  20 

4.  A  liquid  metering  and  coating  device  as  claimed 
in  any  of  claims  1  to  3,  wherein  the  porous  per- 
meation  control  material  comprises  porous  ex- 
panded  polytetrafluoroethylene.  25 

5.  A  liquid  metering  and  coating  device  comprising: 
a)  a  porous  permeation  control  material  com- 
prising  porous  polytetrafluoroethylene  ad- 
hered  to  the  surface  of;  30 
b)  a  porous  open-celled  support  material  of 
synthetic  polymer  material; 

said  support  material  having  the  pores  of 
its  surface  region  penetrated  to  a  depth  of  five 
percent  or  more  of  the  thickness  of  said  support  35 
material  with  a  reinforcing  material  comprising  sil- 
icone  rubber,  and  said  support  material  contain- 
ing  in  its  pores  a  first  mixture  of  silicone  oil  and 
silicone  rubber; 

wherein  portions  of  said  silicone  rubber  of  40 
said  mixture  of  silicone  oil  and  silicone  rubberare 
bonded  to  portions  of  said  silicone  rubber  of  said 
reinforcing  material  of  said  support  material. 

6.  A  liquid  metering  and  coating  device  as  claimed  45 
in  Claim  5  wherein  the  pores  of  the  porous  per- 
meation  control  material  contain  a  second  mix- 
ture  of  silicone  oil  and  silicone  rubber, 

said  second  mixture  having  a  silicone  oil 
to  silicone  rubber  ratio  less  than  the  silicone  oil  50 
to  silicone  rubber  ratio  of  said  first  mixture,  and 

wherein  portions  of  said  silicone  rubber  of 
said  second  mixture  are  bonded  to  portions  of 
said  silicone  rubber  of  said  reinforcing  material. 

55 
7.  A  liquid  metering  and  coating  device  as  claimed 

in  Claim  5  wherein  the  pores  of  the  porous  per- 
meation  control  material  contain  silicone  rubber, 

wherein  portions  of  said  silicone  rubber  in 
said  porous  permeation  control  material  are 
bonded  to  portions  of  said  silicone  rubber  in  said 
reinforcing  material. 

8.  A  liquid  metering  and  coating  device  as  claimed 
in  any  of  Claims  5  to  7,  wherein  the  porous  per- 
meation  control  material  comprises  porous  ex- 
panded  polytetrafluoroethylene. 

9.  A  liquid  metering  and  coating  device  comprising: 
a)  a  porous  permeation  control  material  com- 
prising  porous  polytetrafluoroethylene  ad- 
hered  to  the  surface  of; 
b)  a  porous  open-celled  support  material  of 
synthetic  polymer  material; 

said  support  material  having  the  pores  of 
its  surface  region  penetrated  to  a  depth  of  five 
percent  or  more  of  the  thickness  of  said  support 
material  with  a  reinforcing  material  of  a  first  mix- 
ture  of  the  silicone  oil  and  silicone  rubber,  and 

said  support  material  containing  in  its 
pores  a  second  mixture  of  silicone  oil  and  sili- 
cone  rubber, 

wherein  portions  of  said  silicone  rubber  of 
said  second  mixture  of  silicone  oil  and  silicone 
rubber  are  bonded  to  portions  of  said  silicone 
rubber  of  said  reinforcing  material  of  said  support 
material. 

10.  A  liquid  metering  and  coating  device  as  claimed 
in  Claim  9,  wherein  the  pores  of  the  porous  per- 
meation  control  material  contain  a  third  mixture  of 
silicone  oil  and  silicone  rubber, 

said  third  mixture  having  a  silicone  oil  to 
silicone  rubber  ratio  less  than  the  silicone  oil  to 
silicone  rubber  ratio  of  said  first  mixture  of  said 
reinforcing  material,  and 

wherein  portions  of  said  silicone  rubber  of 
said  third  mixture  are  bonded  to  portions  of  said 
silicone  rubber  of  said  first  mixture  of  said  rein- 
forcing  material. 

11.  A  liquid  metering  and  coating  device  as  claimed 
in  Claim  9,  wherein  the  pores  of  the  porous  per- 
meation  control  material  contain  silicone  rubber, 

wherein  portions  of  said  silicone  rubber  in 
said  porous  permeation  control  material  are 
bonded  to  portions  of  said  silicone  rubber  in  said 
reinforcing  material. 

12.  A  liquid  metering  and  coating  device  as  claimed 
in  any  of  claims  9  to  11  ,  wherein  the  porous  per- 
meation  control  material  comprises  porous  ex- 
panded  polytetrafluoroethylene. 

13.  A  liquid  metering  and  coating  device  as  claimed 
in  any  of  claims  9  to  12,  wherein  said  second  mix- 
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ture  has  a  silicone  oil  to  silicone  rubber  ratio 
more  than  the  silicone  oil  to  silicone  rubber  ratio 
of  said  first  mixture. 

14.  A  liquid  metering  and  coating  device  comprising:  5 
a)  a  porous  permeation  control  material  com- 
prising  porous  polytetrafluoroethylene  ad- 
hered  to  a  surface  of, 
b)  a  porous  open-celled  support  material  con- 
taining  in  its  pores,  10 
c)  a  first  mixture  of  silicone  oil  and  silicone 
rubber,  wherein  portions  of  said  silicone  rub- 
ber  of  said  first  mixture  are  bonded  to  portions 
of  said  support  material. 
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